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(54) Continuous on-demand manufacture of process cheese 



(57) A two stage, on-demand, commercially-viable 
method for producing process cheese or process 
cheese-type products by the direct conversion of milk is 
provided. This method does.not require fermentation, 
enzymatic treatment, and/or intermediate steps of form- 
ing and separating curds and whey. In the first stage, a 
powdered milk protein concentrate (16) is formed by ul- 
trafiltering liquid milk (10) preferably skim milk, and then 
spray drying the concentrated ultrafiltered milk. The 
powdered milk protein concentrate (16), which is stor- 
age-stable, may be converted to process cheese or 
process cheese-type product (42) immediately or may 
be stored for later conversion The powdered milk pro- 
tein concentrate (16) can be used to produce fat-free, 
reduced- or low-fat, and/or futl-fat cheeses (42) having 
similar organoleptic properties to cheeses prepared 
from conventional curds and whey processes. The 
present two stage process is especially adapted for 
semi-continuous or continuous manufacture of process 
cheese-type products. The present two stage process 
is especially adapted for on-demand manufacture of 
process cheese or process cheese-type product (42) 
since the milk protein concentrate (16) can be stored for 
later conversion to cheese product. By converting the 
milk (10) to a storage-stable milk protein concentrate, 
the manufacturing of cheese products (42) is uncoupled 
from, and is independent of, the milk supply. 
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Description 

Fi Id of thelnv ntion 

[0001] The present invention relates to an 'on-de- 
mand" method for producing process cheese or process 
cheese-type products by the direct conversion of milk. 
More particularly, the present invention provides a di- 
rect, fast, and on-demand method for producing process 
cheese or process cheese-type products directly from 
milk without fermentation, enzymatic treatment, and/or 
intermediate steps of forming and separating curds and 
whey. The present invention forms an intermediate milk 
protein concentrate in powdered form. The milk protein 
concentrate can be converted to a process cheese or 
process cheese-type product immediately or can be 
stored for later conversion. The present process can be 
used to produce fat -free, reduced- or low-fat, and/or full- 
fat cheeses having similar organoleptic properties to 
cheeses prepared from conventional curds and whey 
processes. The present process is especially adapted 
for semi-continuous or continuous manufacture of proc- 
ess cheese-type products. The present process is es- 
pecially adapted for on-demand manufacture of process 
cheese or process cheese-type product since the milk 
protein concentrate can be stored for later conversion 
to cheese product. 

Background of the Invention 

[0002] Cheese is generally made by developing acid- 
ity in milk and setting the milk with a clotting agent, such 
as rennet, or by developing acidity tothe isoelectric point 
of the protein. The set milk is cut and whey is separated 
from the resulting curd. The curd may be pressed to pro- 
vide a cheese block. The whey, which contains signifi- 
cant amounts of whey protein, is generally further proc- 
essed for protein and fat recovery. Curing typically takes 
place over a lengthy period of time under controlled con- 
ditions. Process cheese-type products can be prepared 
from such conventional cheeses by grinding and then 
heating the ground cheeses with emulsifying salt or salts 
in, for example, a laydown cooker. 
[0003] The name or label given to the resulting prod- 
uct depends upon the ingredients used, its composition, 
and, in some instances, regulations promulgated by the 
U.S. Food and Drug Administration 21 C.F.R. 
§§133.169-180. For example, the term "pasteurized 
process cheese" refers to a product comprising a btend 
of cheeses to which an emulsifying agent, usually an 
emulsifying salt, and possibly acids, have been added, 
and which has then been worked and heated into a ho- 
mogeneous plastic mass. 

[0004] The term "pasteurized process cheese food" 
refers to a product which is prepared from the same ma- 
terials and the same processes used for manufacture of 
process cheese. However, cheese food generally has 
added dairy ingredients such as cream, milk, skimmed 



milk ; whey, or any of these from which part of the water 
has been removed (e.g. : concentrated skimmed milk). 
The moisture level in process cheese food is generally 
higher than that of process cheese and may be up to 

5 about 44%. Fat is generally present at a level of not less 
than 23%. The term "pasteurized process cheese 
spread" refers to a product which is similar to cheese 
food, in the sense that it can contain the indicated dairy 
ingredients. Process cheese spread, however, may 

10 have a moisture level as high as 60%, and a minimum 
fat level of 20%. Process cheese, process cheese food, 
and process cheese spread are generally referred to as 
"standardized products", since their methods of manu- 
facture and composition are determined by Federal 

is Standards of Identity. 

[0005] As used herein, the term "process cheese-type 
products" includes those products known and referred 
to as "pasteurized process cheese," "pasteurized proc- 
ess cheese food : " "pasteurized process cheese spread, 

20 ° and "pasteurized process cheese product." "Process 
cheese-type products" also includes products resem- 
bling process cheese, process cheese food, process 
cheese spread, and process cheese product, regard- 
less of whether or not they meet the U.S. Federal Stand- 

2B ards of Identity for any of the above products in that they 
may contain ingredients not specified by such Stand- 
ards, such as vegetable oil or vegetable protein, or may 
not meet the compositional requirements of such Stand- 
ards. Process cheese-type products also include prod- 

30 ucts having flavor and texture similar to those of a proc- 
ess cheese product regardless of the ingredients or 
manufacturing steps employed, and regardless of 
whether the Standards have been met. 
[0006] There have been many efforts to provide sim- 

3S plified processes for making cheese or cheese-type 
products. U.S. Patent 4,268,528 (May 19, 1981) pro- 
vides a method for producing soft cheeses wherein milk 
is acidified to a pH less than 4.4 to coagulate the milk 
followed by ultrafiltration to produce a flowable acidified 

40 retentate containing flocculated casein. After cooling, 
the acidified retentate is stirred, taking care to avoid 
foaming, to deflocculate the flocculated casein after 
which rennet is added to lorm the cheese. 
[0007] U.S. Patent 4,271 ,201 (June 2, 1 981 ) provides 

45 a method whereby denatured whey protein is mixed with 
milk either before or after ultrafiltration. The resulting 
uitrafiltered milk is then coagulated using a lactic starter 
and then drained to produce a curd containing substan- 
tially the same amount of total serum protein as the orig- 
50 inal milk. 

[0008] U.S. Patent 4,401 ,679 (August 30, 1 983) pro- 
vides a method for preparing a cheese base wherein 
. milk is treated with ultrafiltration combined with diafiltra- 
tion and evaporation. The uitrafiltered milk is inoculated 
55 with an acid culture before evaporation and acidified af- 
ter evaporation to form the chees base. 
[0009] U.S. Patent 4,948,599 (August 14, 1990) pro- 
vides a method for the continuous production of cheese 



2 



3NSDOC1D: <EP 0997073A2J_> 



3 EP 0 997 073 A2 4 



using ultrafiltration. The ultrafiltered milk is cooled and 
acidified to a pH of 4.8 to 5.8 without coagulation. A milk 
coagulating enzyme or a lactic acid starter is then added 
and the mixture quickly heated to 25 to 84EC to form 
cheese curds. 

[0010] U.S. Patent 4,497,834 (February 5, 1985) pro- 
vides a simplified method of making a dairy-based food 
product wherein milk is first condensed to the proportion 
of milk solids and moisture corresponding substantially 
to that desired in the final product after which the con- 
centration of lactose in the milk is reduced by hydrolysis, 
molecular sieving^ or ultrafiltration to below about 15 
percent by weight at which crystallization was reported 
tooccur. The mixture is then gelled by heating and there- 
after cooled, manipulated, and packaged using conven- 
tional techniques. 

[0011] U.S. Patents 5,165,945 (November 24, 1992) 
and 5,330780 (July 24, 1994) describe a process for 
producing cheese containing whey protein. Ultrafiltered 
and dialiliraled milk is renneted and then heated to co- 
agulate the mixtute and deactivate the rennet. Water is 
then removed without removing soluble proteins to pro- 
duce a cheese which contains casein and substantially 
all of the soluble protein in the original feed stock. 
[001 2] U.S. Patent 5,330,773 (July 1 9, 1 994) provides 
a method for producing a low-fat cheese food product 
wherein a gelatin or gum is added to low-fat ultrafiltrated 
milk. The resulting milk blend is maintaining at a tem- 
perature such that gelling does not occur. After adding 
an activator such as lactic acid to form a paste, it is sub- 
jected to draining, brining, and ripening to form the low- 
fat cheese food product. 

[0013] U.S. Patent 5,262,183 (November 16. 1993) 
provides a method in which a milk retentate is fermen- 
tated to a pH of about 4.8 to about 5.6 without coagula- 
tion. After adding a milk clotting enzyme in a non-coag- 
ulating amount, water is removed by evaporation to ob- 
tain a solids content of about 55 percent or higher to 
produce a pre-cheese. The pre-cheese is cured (gener- 
ally over a three to fourteen day period) to convert at 
least 65 percent of kappa casein to para kappa casein. 
[0014] U.S. Patents 5,356 : 639 (October 18, 1994) 
and 5,356,640 (October 1 8, 1 994) provide a method for 
producing cheese containing substantially all of the ca- 
sein and whey protein in the starting milk using ultrafil- 
ration and diafiltration. The retentate is treated with salt 
to an ionic strength which prevents coagulation during 
fermentation and then fermented. Water is then re- 
moved from the fermented concentrate by evaporation 
to obtain the cheese. 

[0015] U.S. Patent 5,554,397 (September 10, 1996) 
provides a method for producing a cheese-type food 
from powdered milk. The powdered milk is produced 
from liquid milk by ultrafiltration, adjusting the pH ol the 
ultrafiltered milk to 5.0 to 5.8, and then spray dried. The 
spray dried powdered milk : emulsifying salts, and water 
are heated to form a liquid mixture which is then cooled 
to obtain the cheese-type food. 



[0016] In spite of the numerous att mpts and the clear 
advantages such simplified processes would provide, 
they have generally not been commercially successful 
and, thus, the conventional cheese-making process re- 
5 mains, even with its significant drawbacks, the process 
of choice. 

[0017] It would be desirable to provide a commercial- 
ly-viable method for producing a cheese product which 
does not involve a whey drainage step and which can 

10 be accomplished in a short period of time. It would also 
be desirable to provide a commercially-viable, semi- 
continuous or continuous method for producing a 
cheese product directly from milk. It would also be de- 
sirable to provide a commercially -viable process by 

is which milk can be converted into a storage-stable prod- 
uct (i.e., milk protein concentrate) which can be convert- 
ed to a cheese product at a later time depending on the 
demand and need for the cheese product. It would also 
be desirable to provide a commercially-viable process 

20 whereby such storage-stable milk protein concentrate 
could be used to make a wide variety of cheese products 
including, but not limited to, full-fat, reduced-fat, and fat- 
free cheese products. The present specification pro- 
vides such commercially-viable methods. 

25 

Summary of the Invention 

[001 8] The present invention is directed to an "on-de- 
mand- process for producing a cheese product directly 
30 from milk in a short period of time. In the method, pas- 
teurized milk, preferably skim milk, is subjected to ultra- 
filtration (UF), and optionally diafiltration (DF), to reduce 
the lactose and water content in the resulting ultrafil- 
tered product. Preferably, both ultrafiltration and diafil- 
35 tration are used in combination. The treated milk is then 
spray dried to form a storage-stable milk protein con- 
centrate. The powdered milk protein concentrate can be 
directly converted to process cheese or stored for later 
conversion to process cheese. Thus, the manufacture 
40 of process cheese is uncoupled from, or independent 
of, the supply of milk, thereby allowing for on-demand 
manufacture of a wide variety of cheese products. For 
conversion to a process cheese or process cheese-type 
product, the milk protein concentrate is reconstituted 
45 with water. Fat is then added to the desired level (i.e., 
the level required in the final fat-free, reduced-fat, or full- 
fat product) followed by homogenization. Lactic acid can 
be added before or after homogenization at the desired 
level (i.e., the level to produce a pH of about 4.8 to about 
50 5.5 in the fresh cheese). The resulting homogenized 
fresh cheese is then blended with other ingredients (e. 
g., flavorants, stabilizers, and the like) and then cooked 
in a conventional cheese processing unit such as, for 
xample, a laydown cooker with the appropriate emul- 
55 sifying salts to form th d sired process cheese or proc- 
ess che se-type product. Th resulting process ch ese 
or process chees -type product is ready for imm diate 
packaging and does not require a separate curing step. 
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The process cheese or process cheese-type product is 
similar in flavor and texture characteristics to conven- 
tional process cheese. 

[0019] The current method essentially has two major 
steps or stages: (1 ) formation of the powdered milk pro- 
tein concentrate and (2) conversion of the powdered 
milk protein concentrate to the desired cheese product. 
The milk protein concentrate, especially milk protein 
concentrate prepared from skim milk, is storage-stable 
and can, therefore, be stored for later conversion to 
cheese product. For purposes of this invention, the term 
"storage -stable" is intended to mean that the powdered 
milk protein concentrate can be stored for at least 15 
months at room temperature in a closed system without 
significant degradation (as measured by the ability to be 
converted to process cheese-type products in the sec- 
ond stage of this process). Storage at reduced temper- 
atures and/or under an inert atmosphere will, of course, 
increase stability and allow even longer storage times. 
By using two stages, the present process effectively al- 
lows for uncoupling the milk supply and cheese produc- 
tion. When milk supply is high, milk can be converted to 
milk protein concentrate and stored until needed based 
on market conditions (i.e., rising demand and/or falling 
supply of various types of cheeses). Preferably the milk 
protein concentrate is derived from skim milk since such 
milk protein concentrate has better storage properties. 
The milk protein concentrate is converted to a given type 
of cheese product only when required. For purposes of 
this invention, the term "on-demand" is intended to 
mean that both the timing of cheese manufacture and 
the type of cheese manufactured can be controlled by 
the manufacture based on real-time market conditions. 
The current method, and each of the separate major 
steps or stages, can be employed as batch, semi-con- 
tinuous, or continuous processes. When operated as a 
batch process, the approximate time from milk protein 
concentrate to process cheese product is on the order 
of about 2 hours. The present process, and each ol the 
separate major steps, is readily adapted to semi-contin- 
uous or continuous operatbn. The present method, us- 
ing milk protein concentrate from skim milk, can be used 
to produce fat-free, reduced-fat, and full-fat cheeses by 
adding the appropriate amount of fat during the conver- 
sion to process cheese products. 
[0020] The present invention offers several significant 
advantages over the conventional cheese-making proc- 
ess. For example, the present invention allows the milk 
supply to be uncoupled from the actual cheese manu- 
facturing process. In other words : milk can be converted 
to a storage-stable milk protein concentrate when milk 
is in plentiful supply and then stored until needed. In ad- 
dition, the present invention provides a very efficient and 
rapid process which is readily adapted to semi-continu- 
ous or continuous op ration. Moreover, the present in- 
vention provides a method of cheese-making which has, 
as compared to conventional cheese-making process- 
es, lower labor costs, limited capital expenditures, re- 



duced transportation requirements, and lower inventory 
cost If desired, the present process (or just the step of 
forming the milk protein concentrate) could be centrally 
located with regard to the supplying dairy herds, thereby 

5 further reducing. transportation costs. In addition, the 
present process requires no separate grinding step or 
curing step. The present process allows also for more 
uniform process cheese or process cheese-type prod- 
ucts since additives are used to adjust the flavor. Finally, 

10 the present process is especially adaptable to a closed 
system thereby significantly reducing the number of 
possible points of contamination (especially from air- 
borne contamination). 

[0021] One object of this invention is to provide a 
*5 method for producing a process cheese-type product di- 
rectly from milk wherein the process cheese-type prod- 
uct has a predetermined level of fat, said method com- 
prising a first stage and a second stage, wherein the first 
stage comprises: 

20 

(a) reducing the lactose content of the milk to about 
2.5 to about 4.0 percent and increasing the solids 
content to about 1 5 to about 50 percent using ultra- 
filtration; and 

2B (b) spray drying the product of step (a) at an elevat- 
ed temperature to form a powdered milk protein 
concentrate which is storage -stable; and 

wherein the second stage comprises; 

30 

(A) hydrating the powdered milk protein concen- 
trate from the first stage by mixing the powdered 
milk protein concentrate with water at a temperature 
of about 35 to about 160°F [about 1.67 to about 

35 71.11°C]toform ahydrated milk protein mixture; 

(B) adjusting the fat content of the process cheese- 
type product to the predetermined level by adding 
fat to the hydrated milk protein mixture at a temper- 
ature of about 90 to about 1 60°F [about 32.22 about 

40 71 . 1 1 °C] and adjusting the pH of the hydrated milk 
protein mixture to about 4.8 to about 5.5 by adding 
an edible acid; 

(C) treating the hydrated milk protein mixture from 
step (B) with shear to form fresh cheese; 

45 (D) blending flavor additives with the fresh cheese; 
(E) blending emulsifiers with the flavored fresh 
cheese at a temperature of about 150 to about 
250°F [about 65.56 to about 121.11°C] for a time 
sufficient to obtain the homogenous process 

so cheese-type product having the predetermined lev- 
el of fat; 

wherein enzymes, enzyme cultures, or microor- 
ganisms ar not mploy d and wher in th re is no for- 
ss rnation or s paration of curds and whey. 

[0022] Another object of this invention is to provid a 
process ch ese-type product prepared directly from 
milk and having a predetermined level of fat, said proc- 
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ess cheese-type product being prepared by a method 
comprising a first stage and a second stage, wherein 
the first stage comprises: 

(a) reducing the lactose content of the milk to about s 
2.5 to about 4.0 percent and increasing the solids 
content to about 1 5 to about 50 percent using ultra- 
filtration; and 

(b) spray drying the product of step (a) at an elevat- 
ed temperature to form a powdered milk protein to 
concentrate which is storage-stable; and 

wherein the second stage comprises; 

(A) hydrating the powdered milk protein concen- '5 
trate from the first stage by mixing the powdered 
milk protein concentrate with water at a temperature 

of about 35 to about 160°F [about 1.67 to about 
71.11°C] to form a hydrated milk protein mixture; 

(B) adjusting the fat content of the process cheese- 20 
type product to the predetermined level by adding 

fat to the hydrated milk protein mixture at a temper- 
ature of about 90 to about 160°F [about 32.22 to 
about 71 . 1 1 °C] and adjusting the pH of the hydrated 
milk protein mixture to about 4.8 to about 5.5 by 2s 
adding an edible acid; 

(C) treating the hydrated milk protein mixture from 
step (B) with shear to form fresh cheese; 

(D) blending flavor additives with the fresh cheese; 

(E) blending emuisifiers with the flavored fresh 30 
cheese at a temperature of about 150 to about 
250° F [about 65.56 to about 121 .11 °C] for a time 
sufficient to obtain the homogenous process 
cheese-type product having the predetermined lev- 
el of fat; 35 

wherein enzymes, enzyme cultures, or microor- 
ganisms are not employed and wherein there is no for- 
mation or separation of curds and whey. 
[0023] Another object of this invention is to provide a 40 
method for producing a process cheese-type product di- 
rectly from milk wherein the process cheese-type prod- 
uct has a predetermined level of fat, said method com- 
prising a first stage and a second stage, wherein the first 
stage comprises: 45 

(a) reducing the lactose content of the milk to about 
0.5 to about 2.5 percent and increasing the solids 
content to about 1 5 to about 50 percent using ultra- 
filtration and diafiltration; and 50 

(b) spray drying the product of step (a) at an elevat- 
ed temperature to form a powdered milk protein 
concentrate which is storage-stable; and 

wherein the second stage comprises; 55 

(A) hydrating the powdered milk protein concen- 
trate from the first stage by mixing the powdered 



milk protein concentrate with water at a temperature 
of about 35 to about 160°F [about 1.67 to about 
71.11 °C] to form a hydrated milk protein mixture; 

(B) adjusting the fat content of the process cheese- 
type product to the predetermined level by adding 
fat to the hydrated milk protein mixture at a temper- 
ature of about 90 to about 160°F [about 32.22 to 
about 71 .11 °C] and adjusting the pH of the hydrated 
milk protein mixture to about 4.8 to about 5.5 by 
adding an edible acid; 

(C) treating the hydrated milk protein mixture from 
step (B) with shear to form fresh cheese; 

(D) blending flavor additives with the fresh cheese; 

(E) blending emuisifiers with the flavored fresh 
cheese at a temperature of about 150 to about 
250°F [about 65.56 to about 121.11°C] for a time 
sufficient to obtain the homogenous process 
cheese-type product having the predetermined lev- 
el of fat; - 

wherein enzymes, enzyme cultures, or microor- 
ganisms are not employed and wherein there is no for- 
mation or separation of curds and whey. 
[0024] Still another object of this invention is to pro- 
vide a process cheese-type product prepared directly 
from milk and having a predetermined level of fat, said 
process cheese-type product being prepared by a meth- 
od comprising a first stage and a second stage, wherein 
the first stage comprises: 

(a) reducing the lactose content of the milk to about 
0.5 to about 2.5 percent and increasing the solids 
content to about 1 5 to about 50 percent using ultra- 
filtration and diafiltration; and 

(b) spray drying the product of step (a) at an elevat- 
ed temperature to form a powdered milk protein 
concentrate which is storage-stable; and 

wherein the second stage comprises; 

(A) hydrating the powdered milk protein concen- 
trate from the first stage by mixing the powdered 
milk protein concentrate with water at a temperature 
of about 35 to about 160°F [about 1.67 to about 
71.11°C] to form a hydrated milk protein mixture; 

(B) adjusting the fat content of the process cheese- 
type product to the predetermined level by adding 
fat to the hydrated milk protein mixture at a temper- 
ature of about 90 to about 160°F [about 32.22 to 
about 71.11 °C] and adjusting the pH of the hydrated 
milk protein mixture to about 4.8 to about 5.5 by 
adding an edible acid; 

(C) treating the hydrated milk protein mixture from 
step (B) with shear to form fresh cheese; 

(D) blending flavor additives with the fresh cheese; 

(E) blending emuisifiers with the flavored fresh 
cheese at a temperature of about 150 to about 
250° F [about 65.56 to about 121 11°C] for a time 
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sufficient to obtain the homogenous process 
cheese-type product having the predetermined lev- 
el of fat; 

wherein enzymes, enzyme cultures, or microor- 
ganisms are not employed and wherein there is no for- 
mation or separation of curds and whey. 
[0025] These and othe r objects and advantages of the 
present invention will be apparent from a consideration 
of the present specification, including the claims and fig- 
ures. 

D scription of the Drawings 

[0026] Figure 1 is a flowchart illustrating one embod- 
iment of the present invention. 

[0027] Figure 2 is a flowcnart illustrating another em- . 
bodiment of the present invention. 
[0028] Figure 3 illustrates the typical polydispersed fat 
particle sue distribution when fat-containing fresh 
cheese is formed under low shear conditions. 
[0029] Figure 4 illustrates the typical monodispersed 
fat particle size distribution when fat-containing fresh 
cheese is formed under high shear conditions. 

Detailed Description of the Invention 

[0030] The present invention provides a process for 
the direct and rapid conversion of milk -- including full- 
fat, reduced-fat. and skim milk -- to process cheese or 
process cheese-type products. The process described 
herein does not require conventional enzymes and/or 
cultures and/or microorganisms. Moreover the process 
does not require the formation of curds and whey nor, 
of course, the separation of curds and whey. (During the 
acidification step of the second stage, there may be a 
temporary occurrence or formation of curds and whey 
which, upon further processing, disappears. This tem- 
porary formation of curds and whey is not considered, 
within the context of this invention, to involve "formation 
of curds and whey" as used in the specification and 
claims.) 

[0031] The present invention is essentially a two 
stage process. In the first stage, liquid milk (preferably 
liquid skim milk) is.ultrafiltered and then spray dried to 
produce a storage-stable, powdered milk protein con- 
centrate. This milk protein concentrate can be immedi- 
ately converted to process cheese in the second stage 
or stored for later conversion to process cheese in the 
second stage. The second stage involves first hydrating 
the milk protein concentrate and acidifying the hydrated 
milk protein concentrate. (As noted above, during this 
acidification step, there may be a temporary occurrence 
or formation of curds and whey which, upon further 
processing, disappears. This temporary formation of 
curds and whey is not considered, within the context of 
this invention, to involve "formation of curds and whey" 
as used in the specification and claims.) Fat can then 



be added to the hydrated milk prot in concentrate either 
before, during, or after acid addition to adjust thefat con- 
tent of the final process cheese product to the desired 
level. Of course, no fat would be added in preparing a 

5 fat-free process ch ese. The acidified hydrated milk 
protein concentrate (with or without added fat) is then 
subject to shear to form a homogenous mixture. Flavors 
and other additives are then added. Finally the mixture 
is then treated using conventional processing equip- 

10 ment (e.g., laydown cooker), during which time various 
flavorants, colorants, stabilizers, emulsifiers, and the 
like can be added, to form the desired process cheese 
or process cheese-type products. The process cheese 
or process cheese-type products obtained have similar 

is flavor, texture, mouthfeel, and meltability to those of 
conventionally process cheeses prepared using the 
curd and whey technique. Since the conventional curd 
and whey separation is not employed in the present in- 
vention, the whey proteins normally contained in the 

20 separated whey are retained in the process cheese or 
process cheese-type product, thereby producing a more 
nutritious food product. 

[0032] Since the milk protein concentrate can be 
stored until needed, the process allows for on-demand 

25 cheese manufacturing. This represents a significant im- 
provement over conventional cheese manufacturing 
procedures where any milk must be converted to 
cheese products within a few days. The present inven- 
tion allows the milk to be converted to a storage-stable 

30 milk protein concentration which can be stored for peri- 
ods of up to about 15 months (or even longer). This 
stored milk protein concentrate can be converted to var- 
ious types of process cheeses (including, but not limited 
to, full-fat, reduced-fat, low-fat, and fat-free cheeses) 

35 when needed. A manufacturer can, therefor, tailor both 
the type of cheese product and the timing of its manu- 
facture to current or projected market conditions. 
[0033] The general process of the present invention 
is illustrated in Figures 1 and 2 using skim milk, prefer- 

40 ably pasteurized, as the starting material. One preferred 
embodiment of the present invention, as shown in Fig- 
ure 1, begins with skim milk 10, preferably pasteurized 
skim milk, prepared by conventional methods. The liquid 
skim milk 10 is first concentrated by ultrafiltration 12 by 

45 a factor of about 1 .3 to about 7, preferably by a factor 
of about 1 .5 to about 6, and most preferably by a factor 
of about 4 to 6. The ultrafiltration step 12 reduces the 
water content to about 50 to about 85 percent and the 
lactose level to about 2.5 to about 4.0 percent. Although 

so not shown in the figures, the lactose level could be re- 
duced further (i.e., to a level of about 0.5 to about 2.5 
percent), if desired, by using a combined ultrafiltration/ 
diafiltration step. Although not shown in the figures, an 
optional evaporation step could also be used to further 

ss reduce the water lev Is in the concentrated milk. The 
concentrat d milk is th n subjected to spray drying 14 
to yield a powdered milk protein concentrate 16. The 
milk protein concentrate 16 can be stored in unit 18 for 
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later conversion to cheese or immediately converted to 
cheese. The use of storage 18 allows conversion to 
cheese as dictated by market demands regarding 
cheese supplies rather than controlled by the milk sup- 
ply. The formation of the milk protein concentrate 16, 
including optional storage 18, is considered to be stage 
1. 

[0034] Stage 2 involves the conversion of the milk pro- 
tein concentrate 1 6 to process cheese 42. The milk pro- 
tein concentrate 16, whether from storage 18 or directly 
from the spray drying unit, is first hydrated using water 
20 (generally about 40 to about 150°F [about 4.44 to 
about 65.56°C] and preferably about 90 to about 140°F 
[about 32.22 to about 60.00°C]) using mixing unit 22 to 
obtain a homogenous mixture. Either during or after the 
mixing step, lactic acid 24 (or other edible acid) and fat 
26 (it desired) is added to obtain the hydrated milk pro- 
tein 28. Generally, fat 26 is at an elevated temperature 
(i.e., greater than or equal to about 100°F [about 
37.78°C] and preferably about 110 to about 140°F 
[about 43.33 to about 60.00°C]) when added. Suitable 
fats include cream, butter, plastic cream, anhydrous 
milkfat, vegetable oils, and the like. Although not shown 
in the figures, cream, if desired, can be added in place 
of, or with, water 20 in the hydration step. The use of 
cream would eliminate, or reduce, the addition of fat 26. 
The amount of added fat 26 (or cream) will, of course, 
depend on the desired fat content of the final process 
cheese product and will generally range from near zero 
for fat-free cheeses to about 35 percent for full-fat 
cheeses. Normally about 0.5 to about 2.0 percent of lac- 
tic acid 24 is added to obtain a pH value of about 4.8 to 
5.5. It is generally preferred, but not required, that the 
fat 26 be added before the lactic acid 24. Salt can also 
be added with the lactic acid (or at a later stage ol the 
process). Salt is generally added a level sufficient to ob- 
tain a final product 42 with a salt level of about 1 .0 to 
about 2.0 percent for a loaf or sliced process cheese 
product and about 2.0 to about 4.0 percent for a cheese 
sauce-type product. 

[0035] The hydrated milk protein 28 is preferably sub- 
jected to sufficient shear to yield a homogenous, rela- 
tively stable emulsion having a total solids content of 
about 20 to about 60 percent. The resulting product at 
this point in the process is referred to as "fresh cheese. 
n The degree of shear required will depend on the com- 
position of the hydrated milk protein. For example, if 
cream is used to hydrate the milk protein (with no other 
added fat) or if the hydrated milk protein does not con- 
tain any added fat, little shear (other than that normally 
associated with mixing) will be required (see, for exam- 
ple, Examples 2 and 3). Although not wishing to be lim- 
ited by theory, the natural emulsifiers present in cream 
appear to be sufficient to provide stable emulsions with- 
out homogenization under high shear conditions. If the 
hydrated milk protein contains added fat (other than fat 
associated with cream), it will generally require high 
shear to form a stable emulsion (see, for example, Ex- 



amples 1, 4, and 5). Preferably the fat-containing hy- 
drated milk protein 28 is subjected to high shear to ob- 
tain a fresh cheese with a monodispersed fat particle 
size distribution (see, for example : Figure 4). For pur- 

5 poses of this invention, "high shear" is intended to mean 
a sufficiently high shear to produce a stable, monodis- 
persed fresh cheese. Typically, a high shear history 
greater than about 500 sec -1 will be sufficient; preferably 
the high shear history is in the range of about 800 to 

10 about 1500 sec 1 . Preferably the mondispersed fresh 
cheese has a mean fat particle size of less than about 
5 microns and, more preferably, in the range of about 1 
to about 2 microns. Fresh cheeses having mondis- 
persed fat particle size distribution and relatively small 

is mean fat particle sizes generally are more stable than 
products produced with low shear. Fresh cheeses con- 
taining fat (other than fat associated with cream) wtiich 
are prepared using low shear generally are coarse 
emulsions with polydispersed fat particle size distribu- 

20 tions, fat particle sizes ranging from about 2 to greater 
than about 200 microns, and relatively high mean fat 
particle sizes (see, for example, Figure 3). Fresh cheese 
having such larger fat droplets are generally less stable 
since the droplets can coalesce and form a separate fat 

25 layer. Of course, if the hydrated milk protein does not 
contain added fat or contains only fat associated with 
cream, stable emulsion can be prepared without high 
shear. Nonetheless, such hydrated milk protein can be 
treated with high shear if desired. 

30 [0036] The proteins in the fresh cheese are in an intact 
and highly functional state with minimal whey protein to 
casein cross-linking. This fresh cheese has good tex- 
ture-forming ability and good meltability. After forming a 
homogenous mixture in unit 30, flavors and other addi- 

35 tives 32 can be blended into the mixture in unit 34. After 
adding appropriate emulsifying salts and other additives 
38 and water 36 to adjust the final moisture content of 
the process cheese, the mixture is then processed in a 
conventional cooker 40 (e.g., a laydown cooker operat- 

40 ed at about 150 to 240°F [about 65.56 to about 11 
5.56°C]). As those skilled in the art will realize, the ad- 
ditions of flavors 32, salts 38, and water 36 can be made 
at the same time or at different times before the cooker 
40. Using various flayorants, colorants, emulsifiers, sta- 

45 bilizers, and similar conventional additives, a process 
cheese or process cheese-type product 42 is obtained. 
The resulting process cheese or process cheese-type 
product can be packaged for retail sale or other use im- 
mediately. Curing, which results in a more homogene- 
so ous and favorable product, can take place during normal 
shipping periods (i.e., during the time the product is 
shipped to the retailer and stocked) under standard re- 
frigeration conditions (i.e. , about 35 to about 50°F [about 
1.67 to about 10.00°C]). Thus, a separate curing proc- 
55 ess, with its attendant presses, barrels, and the like, is 
not required. 

[0037] Another preferred embodiment is illustrated in 
Figure 2. The process shown ther in differs from that in 
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Figure 1 mainly by the inclusion of a separate step 44 
wherein a relatively small portion of the homogenous hy- 
drated milk protein (fresh cheese) from unit 30 is divert- 
ed to an enzyme treatment step 44. Preferably the fresh 
cheese has been formed using high shear conditions $ 
such that the fat droplets are monodispersed with a 
mean fat particle size less than about 5 microns and 
more preferably in the range of about 1 to about 2 mi- 
crons. Generally, the amount of fresh cheese diverted 
to the enzyme treatment step 44 is less than about 10 
percent and preferably less than about 5 percent of the 
total stream of fresh cheese entering unit 30. The divert- 
ed fresh cheese is treated with conventional enzymes, 
cultures, and/or microorganisms and then added back 
to the fresh cheese stream as a flavorant (i.e., enzyme- 
modified cheese). Fresh cheese having small droplets 
generally allow for enhanced enzymatic reactions by in- 
creasing the oil/water interfacial area available for reac- 
tion. Moreover, fresh cheese having small droplets de- 
creases the likelihood that a fat layer will form; any such 
fat layer would be less likely to undergo the desired en- 
zymatic reactions. 

[0038] For purposes of this invention, the use of this 
alternative process with its enzymes, cultures, and/or 
microorganisms is not considered to be within the main 
process; in other words, the overall process is still con- 
sidered to be free of, and/or not require, the use of en- 
zymes, cultures, and/or microorganisms relative to a 
conventional cheese-making process. Although shown 
as being added to the blender 34, the treated fresh 
cheese 44 could be added at other locations in the stage 
2 process (e.g., in the cooker 40). The addition of the 
treated fresh cheese 44 could reduce or eliminate the 
need for other flavor additives. Except for the enzyme 
treatment step 44, essentially the same steps are used 
as described above for Figure 1 . 
[0039] The resulting process cheese or process 
cheese-type product 42 can range from a process 
cheese in sliced or loaf form to a cheese sauce type 
mainly depending on the water content which is largely 
controlled using the water addition steps 20 and 36. For 
a sliced or loaf process cheese-type product, the mois- 
ture content is about 35 to about 60 percent water, the 
protein content is about 10 to about 30 percent, and the 
salt content is about .1 .5 to 2.5 percent. For a sauce proc- 
ess cheese type product, the moisture content is about 
45 to about 80 percent water; the protein content is 
about 5 to about 25 percent, and the salt content is about 
2.0 to 4.0 percent. The final adjustment of the water level 
can be made in step 36. 

[0040] As illustrated in Figures 1 and 2, the present 
inventive processes have two basic steps or stages: (1 ) 
formation of a storage-stable milk protein concentrate 
and (2) conversion of the storage-stable milk protein 
concentrate to process cheese. Although the milk us d 
can be whole, reduced-fat, or skim milk, it is generally 
preferred that skim milk be used. Skim milk is especially 
preferred when the milk protein concentrate is expected 



to be stored (unit 18) before conversion to cheese. Milk 
protein concentrate having significant levels of fat (e.g., 
concentrate prepared with whole milk) may undergo fat 
oxidation unless special packaging and storage condi- 
tions are used. Using skim milk essentially eliminates 
the potential fat oxidation problem. Using skim milk also 
allows the process to be modified as needed with regard 
to the type of cheese being prepared by simply adjusting 
the level of added fat. Preferably the skim milk is pas- 
teurized using conventional methods; normally a tem- 
perature of about 1 60 to 1 80°F [about 71 . 1 1 to 82.22°C] 
for about 15 to about 30 seconds is sufficient. The milk 
is then ultrafiltered with or without diafiltration to reduce 
the moisture content to about 50 to about 85 percent 
and the lactose level to about 2.5 to about 4.0 percent 
with ultrafiltration alone and to about 0.5 to about 2.5 
percent with ultrafiltration combined with diafiltration. Ul- 
trafiltration (with or without diafiltration) is carried out us- 
ing conventional and commercially available equipment 
at a temperature of about 100 to about 140°F [about 
37.78 to about 60.00°C] and a pressure of about 10 to 
about 40 psi [about 68.95 to about 275.79 kPa] to con- 
centrate the milk by a factor of about 1 .3 to about 7, pref- 
erably to about 1 .5 to 6, and most preferably to about 4 
to 6. The ultrafiltered milk is then spray dried at elevated 
temperatures using conventional spray drying tech- 
niques. Generally, the temperature of the ultrafiltered 
milk is at about 100 to about 1 80° F [about 37.78 to about 
82.22°C] during spray drying. Of course, the resulting 
powdered milk protein concentrate has higher lactose 
levels since a large proportion of the water is removed; 
generally the powdered milk protein concentrate will 
contain about 40 to about 85 percent protein and about 
1 (or even less) to about 45 percent lactose. If desired, 
the calcium content of the milk protein concentrate can 
be adjusted (i.e., lowered) by acidification of the milk pri- 
or to ultrafiltration. In addition and if desired, sodium 
chloride can be added to the milk prior to ultrafiltration 
in order to lower the calcium content and increase the 
salt content of the milk protein concentrate. The result- 
ing powdered milk protein concentrate can be stored for 
later conversion to process cheese. Thus, the present 
process effectively uncouples milk supply and cheese 
demand and manufacture. The conversion of the stored 
milk protein concentrate will be controlled only by 
cheese demand. Moreover, since fat is only added later, 
the type of cheese prepared from the milk protein con- 
centrate can be determined by the demand for the var- 
ious types of cheese at the time of the conversion. Thus, 
the cheese product mix (based on both fat content and 
cheese type criteria) is also uncoupled from the milk 
supply. Since the milk concentrate can be stored until 
needed and the fat content determined during process 
of the second stage, the present invention provides for 
on-demand cheese manufacturing. 
[0041] In the s cond stage of the proc ss, th milk 
protein concentrate is first hydrated and then converted 
to process chees . Water, preferably at about 90 to 
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about 140°F [about 32.22 to about 60.00°C], is used to 
form the hydrated milk protein concentrate with a solids 
content of about 20 to about 40 percent. The hydrated 
milk protein concentrate is then treated with a suitable 
edible acid (preferably lactic acid) to bring the pH to 
about 4.S to about 5.5. If desired, salt can be added. Fat 
(at a temperature greater than about 100°F [about 
37.78° C]) is also added (before, after, or at the same 
time as the acid addition) in ah amount determined by 
the type of process cheese or process cheese-type 
product being produced. Generally, it is preferred that 
the fat be added before the pH is adjusted with lactic 
acid. Suitable fats include cream, butter, plastic cream, 
anhydrous milkfat, vegetable oils : and the like. The fresh 
cheese generally has a pH of about 4.8 to 5.5, a lactose 
level of about 0.5 to about 15.0 percent, solids content 
of about 20 to about 60 percent, and a protein content 
of about 10 to about 30 percent. The fat content will, of 
course, be determined from the type of cheese desired. 
Atter forming a homogenous mixture of the fresh 
cheese, various flavorants and other additives can be 
added before or during the final cheese processing or 
cooking step. 

[0042] The fresh cheese is then processed to form a 
process cheese or process cheese-type product using 
conventional cheese processing techniques by blend- 
ing the fresh cheese at elevated temperature with emul- 
sifiers, flavorants, colorants, preservatives, and the like. 
Preferably the fresh cheese is converted to a process 
cheese or process cheese-type product in a convention- 
al laydown cooker operated at about 1 50 to about 240° F 
[about 65.56 to about 115.56°C], preferably at about 160 
to about 200°F [about 71.11 to about 93.33 3 C], using 
standard emulsifying salts. Suitable emulsifying salts in- 
clude, for example, disodium phosphate, monosodium 
phosphate, dipotassium phosphate, trisodium phos- 
phate, sodium metaphosphate, sodium tripolyphos- 
phate, sodium acid pyrophosphate, tetrasodium phos- 
phate, sodium aluminum phosphate, sodium hexamet- 
aphosphate, sodium citrate, potassium citrate, calcium 
citrate, sodium tartrate, and mixtures thereof. Preferred 
emulsifiers include disodium phosphate and sodium ci- 
trate. Other conventional additives - such as, for exam- 
ple, flavorants, colorants, stabilizers, preservatives, vi- 
tamins, protein additives, starches, and the like - can be 
added before or during this final processing step. Be- 
cause flavor is controlled by flavor additives that are 
added or incorporated in the final processing steps, 
more consistent and controllable flavor can be obtained 
as compared to conventional cheese prepared using 
enzymes and/or microorganisms. Flavor additives can 
include, if desired, small amounts of highly flavored nat- 
ural cheeses, enzyme- and/or microorganism-produced 
cheeses or, if desired and as shown in Figure 2 (enzyme 
treatment step 44), enzyme- and/or microorganism- 
treated fresh cheese (i.e., enzyme-modified cheese). 
Such enzyme- and/or microorganism-produced chees- 
es or enzyme- and microorganism-treated fresh 



cheese, would only be added towards the end of the 
process; thus, for purposes of this invention, the process 
would still be considered to be free of such enzymes, 
enzyme cultures, and/or microorganisms. 

5 [0043] The second stage process, starting with milk 
protein concentrate, can be completed in a period of on- 
ly a few hours. Using a batch process, the time required 
from powdered milk protein concentrate to hydrated milk 
protein (from unit 16 to unit 28 in Figures 1 and 2) is 

10 about 0.5 hours; from hydrated milk protein to fresh 
cheese (from unit 28 to unit 34), it is about 0.5 hours; 
and from fresh cheese to process cheese-type product, 
it is about 3 hours; thus the total time from powdered 
milk protein concentrate milk to process cheese-type 

is product is only about 4 hours. In commercial semi-con- 
tinuous or continuous operations, the time from pow- 
dered milk protein to process cheese-type product is ex- 
pected to be significantly shorter (e.g., about 2 total 
hours). Assuming a steady supply of powdered milk pro- 

20 tein concentrate (either fresh or stockpiled), the present 
cheese-making process could easily operate on a con- 
tinuous basis. 

[0044] The resulting cheese can be packaged for re- 
tail sale or other use immediately after sufficiently cool- 

25 ing without the need for a separate curing step. Gener- 
ally, however, some curing is desirable to fully develop 
the desired flavor and texture characteristics. This cur- 
ing can take place at refrigeration temperatures in a rel- 
atively short time. Generally, sufficient curing will have 

30 taken place during the time the product is shipped and 
displayed on a retailer's shelf (i.e., about 1 to 2 weeks). 
[0045] The following examples further illustrate vari- 
ous features of the invention but are not intended to limit 
the scope of the invention as set forth in the appended 

35 claims. 

[0046] Example 1 . A dried skim milk protein concen- 
trate (MPC) was obtained from New Zealand Milk Prod- 
ucts, Inc. (Santa Rosa, California). The MPC was pre- 
pared by ultrafiltration of pasteurized skim milk to pro- 

40 duce an ultrafiltered product having about 4 percent lac- 
tose and about 25 percent solids. The ultrafiltered prod- 
uct was then spray dried to produce the solid, powdered 
MPC having about 68 percent protein, about 16 percent 
lactose, about 5.8 percent moisture, and about 1.1 per- 

45 cent fat. The MPC powder (42.9 lbs [19.46 kg]) was 
mixed with water (75 lbs [34.02 kg]) at 1 20°F [48.69°C] 
in a Semi-Bulk Vacucam (Semi-Bulk Systems, Inc. , Fen- 
ton, Missouri) for ab out 5 minute s. The resulting hydrat- 
ed milk protein was further mixed with melted anhydrous 

so milkfat (55 lbs [24.95 kg]), salt (3.6 lbs [1.63 kg]), and 
88 percent lactic acid (1.5 lbs [0.68 kg]). The resulting 
mixture was homogenized in a Dispax shear reactor 
(IKA Works, Inc., Wilmington, N.C.) with a shear history 
of about 512 sec" 1 at 120°F [48.89°C]. The resulting 

55 fresh cheese contained about 43 percent moisture, 
about 17 percent protein, about 2.1 p rcent salt, and 
about 3.9 percent lactose and had a pH of about 5.3. 
[0047] A pasteurized process cheese spread loaf was 
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prepared by blending Cheddar cheese (added for flavor) 
and the fresh cheese (about 2 to 1 weight ratio). Small 
amounts (generally less than about 10 percent each) of 
whey powder, and additional MPC; small amounts (gen- 
erally less than about 0.5 percent) of sorbic acid and . 
cheese cobr were also added Emulsifiers (monoso- 
dium phosphate and disodium phosphate; less than 
about 3 percent total) were also added to the cheese 
mixture. The resutting cheese mixture was processed in 
a Damrow laydown direct steam injected cooker (Dam- 
row Co., Inc., Fond du Lac, Wisconsin) at 175°F 
[79.44°C]. The hot melted cheese was formed into 2 lb 
[0.91 kg] loaves and cooled in a forced air cooler to 40° F 
[4.44°C]. The resulting pasteurized process cheese 
spread loaf had flavor, texture, and meltability similar to 
conventionally prepared cheese products. 
[0048] Example 2 . Fresh cheese was prepared as in 
Example 1 except that fresh cream was used to hydrate 
the MPC and to replace the added fat. Using cream to 
form the hydrated milk protein allowed the high shear 
homogenization step to be omitted. The cream used had 
a composition of about 45 percent fat and about 51 per- 
cent moisture. The result fresh cheese composition was 
about 42 percent moisture, about 32 percent fat, about 
16 percent protein, about 2.1 percent salt, and about 5.2 
percent lactose with a pH of about 5. 3. The fresh cheese 
was used essentially as described in Example 1 to pre- 
pare a pasteurized process cheese loaf except that the 
homogenization step was omitted. The resulting product 
had flavor, texture, and mettability similar to convention- 
ally prepared cheese products. 

[0049] Example 3 . A skim fresh cheese was produced 
in the same manner as described in Example 1 except 
that no fat was added and, thus, the homogenization 
step was not required. The resulting skim fresh cheese 
was about 64 percent moisture, about 0.4 percent fat, 
about 25 percent protein, about 0.6 percent salt, and 
about 5.7 percent lactose with a pH of about 5.3. The 
skim fresh cheese was used to replace about 50 percent 
of the conventionally made fat-free skim cheese in the 
production of fat-free pasteurized process cheese prod- 
uct slices. The resulting fat-free process cheese product 
slices had good flavor, texture, and meltability which 
was comparable to a conventional product prepared 
with only conventionally made fat-free skim cheese. 
[0050] Example 4 . Fresh cheese was prepared as de- 
scribed in Example 1. A portion of the fresh cheese as 
treated with enzymes including a pregastric esterase (li- 
pase), a fungal endoprotease, and a bacterial ami- 
nopeptidase. The resulting mixture was held at about 
30°F [about -1.1 1°C] for four days to permit the enzy- 
matic conversion and then heated to about 1 70°F [about 
76.67°C] to deactivate the enzymes. A pasteurized 
process cheese loaf was prepared from a mixture of 
about 51 percent fresh cheese, about 14 percent con- 
ventional young (i.e., unaged) ch ese, and about 5 per- 
cent of the enzyme-treated fresh cheese, using essen- 
tially the same procedure as in Example 1 . The enzyme- 



treated fresh cheese was the only flavor source used. 
The resulting product had textur and meltability com- 
parable to conventionally prepared cheese products; 
the flavor was comparable to conventionally prepared 
s process cheese loaves containing up to about 20 per- 
cent aged Cheddar cheese. 

[0051] Example 5 . Several batches of fresh cheese 
were prepared as in Example 1 except that the hydrated 
milk protein (with added melted anhydrous milkfat, salt, 
10 and lactic acid) was subjected to various homogeniza- 
tion conditions. In each case, the fat droplet size distri- 
bution of the resulting fresh cheese emulsion was de- 
termined. 

[0052] Using low shear conditions (i.e., the fresh 

is cheese emulsion was prepared in a Groen tank), the fat 
droplets displayed a broad and polydispersed fat parti- 
cle size distribution. Fat particle sizes ranged from about 
1 micron up to about 200 microns (and higher) with a 
mean fat particle size of about 40 microns. Figure 3 il- 

20 lustrates a typical polydispersed fat particle size distri- 
bution obtained under low shear conditions for four sam- 
ples. The resulting fresh cheese emulsion was not as 
stable as desired since the larger fat droplets tend to 
coalesce and rise to the surface as a fat layer. 

2$ [0053] Figure 4 illustrates the monodispersed fat par- 
ticle size distribution obtained using high shear homog- 
enization. The fresh cheese was homogenized using a 
single pass through a Dispax shear reactor (1KA Works, 
Inc., Wilmington, N.C.). The fresh cheese at about 

30 1 20°F [about 48.89°C] was pumped at a rate of about 
29-30 pounds per minute [about 13.15-13.61 kg per 
minute] with the pump operated at about 3600 rpm 
(shear history of about 900 sec -1 ). A monodispersed fat 
particle size distribution was obtained with a mean fat 

35 particle size of about 1 .9 microns. 

[0054] Similar results were obtained using a Hydros- 
hear emulsifier wherein the shear is created by line pres- 
sure to force the fluid through small diameter nozzles. 
A single pass through the Hydroshear device resulted 

40 in a monodispersed fat particle size distribution with a 
mean fat particle size of about 2.2 microns. Multiple 
passes through the Hydroshear emulsifier provided 
monodispersed distributions with mean fat particles siz- 
es of about 1.1 microns (10 minute recycle through the 

45 emulsifier) and about 0.9 microns (20 minute recycle 
through the emulsifier). The fat particle size distribution 
curves were similar to the plot shown in Figure 4. 
[0055] The examples above demonstrate that for fat- 
containing hydrated milk protein samples (except where 

so cream is used as the only source of added fat) higher 
shear conditions are required in order to obtain a stable 
fresh cheese. If, however, cream is used as the only 
source of added fat or if fat is not incorporated into the 
hydrated milk protein, high shear conditions are not re- 

55 quired. 
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Claims 

1. A method for producing a process cheese-type 
product directly from milk wherein the process 
cheese-type product has a predetermined level of 
fat, said method comprising a first stage and a sec- 
ond stage, wherein the first stage comprises: 

(a) reducing the lactose content of the milk to 
about 2.5 to about 4.0 percent and increasing 
the solids content to about 15 to about 50 per- 
cent using ultrafiltration or reducing the lactose 
content of the milk to about 0. 5 to about 2. 5 per- 
cent and increasing the solids content to about 
15 to about 50 percent using ultrafiltration with 
difiltration; and 

(b) spray drying the product of step (a) at an 
elevated temperature to form a powdered milk 
protein concentrate which is storage-stable; 
and 

wherein the second stage comprises; 

(A) hydrating the powdered milk protein con- 
centrate from the first stage by mixing the pow- 
dered milk protein concentrate with water at a 
temperature of about 35 to about 1 50°F [about 
1 .67 to about 65.56°C] to form a hydrated milk 
protein mixture; 

(B) adjusting the pH of the hydrated milk protein 
mixture to about 4.8 to about 5.5 by adding an 
edible acid and adjusting the fat content of the 
process cheese-type product to the predeter- 
mined level by adding fat to the hydrated milk 
protein mixture at a temperature of about 100 
to about 1 40° F [about 37.78 to about 60.00°C]; 

(C) treating the hydrated milk protein mixture 
from step (B) with shear to form fresh cheese; 

(D) blending flavor additives with the fresh 
cheese; 

(E) blending emulsifiers with the flavored fresh 
cheese at a temperature of about 1 50 to about 
240°F [about 65.56 to about 115.56°C] for a 
time sufficient to obtain the homogenous proc- 
ess cheese-type product having the predeter- 
mined level of fat; 

wherein enzymes, enzyme cultures, or micro- 
organisms are not employed and wherein there is 
no formation or separation of curds and whey. 

2. A method according to claim 1 , wherein the hydrat- 
ed milk protein mixture from step (B) is treated with 
sufficient shear to form fresh cheese having a mon- 
odispersed fat particle size distribution and a mean 
fat particle size of less than about 5 microns. 

3. A method according to claim 2, wherein the fresh 



cheese has a m an fat particle size of about 1 to 
about 2 microns. 

4. A method according to any one of claims 1 to 3, 
5 wherein the liquid milk is liquid skim milk. 

5. A method according to any one of claims 1 to 4, 
wherein the milk protein concentrate from stage 1 
is stored until it is desired to produce the process 

10 cheese-type product in stage 2. 

6. A method according to any one of claims 1 to 5, 
wherein steps (D) and (E) in the second stage are 
carried out at essentially the same time. 

15 

7. A method according to any one of claims 1 to 6, 
wherein stage 2 is operated in a semi-continuous 
or continuous manner. 

20 8. A method according to any one of claims 1 to 7, 
wherein the predetermined level of fat is such that 
the process cheese-type product is a fat-free or re- 
duced-fat cheese product. 

25 9. a method according to any one of claims 1 to B, 
wherein at least a portion of the water in step (A) is 
replaced with creanrv whereby the amount of fat 
added in step (B) is reduced or eliminated. 

30 10. A process cheese-type product made by a method 
according to any one of claims 1 to 9. 
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